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Abstrat
The eventual prodution of mini blak holes by proton-proton ollisions at the LHC is pre-
dited by theories with large extra dimensions resolvable at the Tev sale of energies. It is
expeted that these blak holes evaporate shortly after its prodution as a onsequene of the
Hawking radiation. We show that for theories based on the ADS/CFT orrespondene, the
produed blak holes may have an unstable horizon, whih grows proportionally to the square
of the distane to the ollision point.
The prodution of mini blak holes at the LHC Tev energy sale is predited by theories with
large extra dimensions and where the gravitational onstant is replaed by a Tev sale fundamental
onstant [1℄. In those theories the gauge interations are onned to four-dimensional spae-times
embedded in a bulk spae dened by the Einstein-Hilbert priniple, but gravitation as desribed by
the four-dimensional embedded geometry, an aess the extra dimensions at the TeV energy. Thus,
the generated blak hole will represent a loal deformation of Minkowski's spae-time resulting from
the proton-proton ollision. Typial examples are given by the Randall-Sundrum models of brane-
world theory dened in the 5-dimensional anti deSitter AdS5 bulk, using the Israel-Lanzos jump
ondition at the brane-world, ating as a boundary [2℄.
The produed blak holes are expeted to be short lived as onsequene of Hawking's radiation.
The well known theorem by Hawking of 1975, made use of semi-lassial gravitation to prove that
virtual partile pairs are formed in the viinity of a blak hole. While one of the partiles of the
pair falls inside the blak hole horizon, the other esapes to innity produing a thermal radiation
of the blak hole. Admitting that the radiation is omplete the blak hole will evaporate away,
with the onsequene is that the orrelation between the spin states of the partiles pair is lost,
ompromising the quantum unitarity [3℄. In a reent (2005) revision of his theorem, Hawking made
use of the ADS/CFT orrespondene within the ontext of the Horava-Witten AdS5× S
5
model of
string theory. It was assumed that the blak holes in question are harged (like for example, the
Reissner-Nordstrom blak hole), so that after the evaporation a stable submanifold would remain,
in whih ase some of the information would be stored and ould be partially retrieved [4℄.
In any of the above mentioned models using the same AdS5 spae, the stability of the blak
hole, seen as a subspae embedded in that bulk must be understood.
Consider the four-dimensional spae-time AdS4, regarded as a hypersurfae with negative on-
stant urvature embedded in the ve dimensional at spae M5(3, 2), with maximal isometry
SO(3, 2) (see eg [5, 6℄). Adding to eah of these spaes one extra spatial dimension, we obtain
in a very trivial way that the ve-dimensional anti de Sitter spae AdS5 is a hypersurfae with
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negative onstant urvature embedded in the at spae M6(4, 2), with maximal isometry SO(4, 2),
whih is isomorphi to the onformal group C0 ating on the Minkowski spae-time, so that for eah
onformal ovariant Yang-Mills eld in M4, there orresponds an isometri ovariant Yang-Mills
eld dened in the AdS5 spae.
Sine all Yang-Mills elds and their duality properties are onsistently dened only in four-
dimensional spae-times, where 3-forms are isomorphi to 1-forms, the ADS/CFT orrespondenes
must be hold between four-dimensional subspaes of the AdS5 bulk. Consequently, the isometri
invariant Yang-Mills elds must remain onned to a 4-dimensional subspae embedded in the AdS5
bulk, where the required duality operation is preserved. Furthermore, admitting that the embedding
of the 4-dimensional subspae is loal and regular, then the inverse funtion theorem establishes a
loal 1:1 orrespondene between the onformal elds in M4 and the Yang-Mills elds dened in
those four-dimensional subspaes.
The AdS5 bulk is a solution of the 5-dimensional vauum Einstein's equations with negative
osmologial onstant
5RAB −
1
2
5RGAB − ΛGAB = 0, A,B = 1...5 (1)
and with onstant urvature, haraterized by the Riemann tensor
5RABCD =
Λ
6
(GACGBD − GADGBC) (2)
The embedding is an appliation X : V4 → AdS5, with omponents X
A(xµ), funtions of the spae-
time oordinates xµ. Together with the unit normal vetor η, this denes a Gaussian referene frame
on the embedded geometry {XA,µ, η
A}. The Riemann tensor of the bulk written in this referene
gives the integrability equations for the embedding, the well known Gauss-Codazzi equations [6℄,
whih in the ase of a onstant urvature 5-dimensional bulk an be written as
Rαβγδ = −(kαγkβδ − kαδkβγ) +
Λ
6
(gαγgβδ − gαδgβγ) (3)
kα[β;γ] = 0, (4)
The existene of the embedding requires that the metri gµν and the extrinsi urvature kµν of
V4 satisfy these equations. Writing (1) in the same Gaussian frame we obtain the gravitational
equations of the embedded V4 [7℄
Rαβ −
1
2
Rgαβ − Λgαβ +Qαβ = 0 (5)
kγβ;γ − h,β = 0 (6)
where h = gµνkµν is the mean urvature, K
2 = kµνk
µν
is the Gaussian urvature and
Qαβ = (k
ρ
αkρβ − hkαβ)−
1
2
(K2 − h2) gαβ , Q
αβ
;β = 0
These equations desribe the dynamis of the gravitational eld for a spae-time embedded in the
AdS5 bulk. Clearly they are more general than the vauum Einstein's equations in general relativity,
beause (1) implies that the extrinsi urvature kµν is also a dynamial variable. When kµν = 0 the
usual vauum Einstein's equations are reovered.
Now, we may disuss the prodution of blak hole at the LHC with the supposition that it
happens within the AdS5 bulk. The experiment is supposed to take plae in the Minkowski's spae-
time M4 where the protons are dened. However, this M4 is regarded as a subspae embedded in
the AdS5, so that equations (3) and (4) must apply. The general solution of these equation for a
at spae gives kµν =
√
Λ/6 ηµν . This means that although M4 is at in the Riemann sense, as
an embedded geometry it is also warped like a ylinder, a one or any ruled surfae, where the full
2
translational group of the Poinaré symmetry in priniple would not apply. However, from (5), it
follows that Λ is the osmologial onstant, whih is too small to mark a signiant presene in
the loal gravitational eld of the LHC experiment. Therefore, for any pratial purposes we may
assume that the experiment starts very approximately as planned, in Minkowski's spae-time.
After the ollision, the produed blak-holes will represent a deformations of the original Minkowski's
spae-time, transforming into Shwarzshild or Reissner-Nordstrom subspaes embedded in the
AdS5 bulk. This blak hole should remain for a very short period, before its eventual evaporation.
For a spherially symmetri diagonal metri, the general solution of (4) is of the form kµν = α(r)gµν ,
where α(r) = 1/y(r) and where y(r) is the loal enter of urvature of the embedded geometry,
whih is a value of the extra oordinate satisfying the ondition det(gµν−y(r)kµν) = 0 [6℄. Replaing
this expression in (5), we obtain the Shwarzshild-anti-de Sitter solution
ds2=(1−
2m
r
+ (3α(r)2−Λ)r2)−1dr2 + r2dω2 − (1−
2m
r
+ (3α(r)2−Λ)r2)dt2
Repeating the same for the Reissner-Nordstrom solution, we obtain the Reissner-Nordstrom-anti-de
Sitter solution
ds2=(1−
2m
r
+
q
r2
+(3α(r)2−Λ)r2)−1dr2+ r2dω2− (1−
2m
r
+
q
r2
+(3α(r)2−Λ)r2)dt2
In both ases we obtain a blak holes whose horizon grows indenitely with r2, thus reating an
unstable situation unless we impose the additional ondition that 3α(r)2 is onstant and equal to
Λ. However, this implies that the blak hole is omposed of umbilius points (all of its diretions
look like the same prinipal diretions), whih is not the ase of a blak hole. Even if we neglet the
loal inuene of Λ as before the ollision, we annot neglet α(r) on aount of the harateristis
of a blak hole geometry.
We onlude that the exterior gravitational eld of a Blak hole is not native of an AdS5 bulk and
that the blak holes produed by proton-proton ollision at the LHC may be unstable. Nonetheless,
it is possible that in a higher dimensional bulk D > 5, the behavior of the blak holes is stable.
This follows from the well known example given by the 6-dimensional at bulk M6(4, 2), whose
metri is also invariant under SO(4, 2), so that it has the same group of isometries of the AdS5.
Consequently, all arguments of the ADS/CFT orrespondene whih depend only on the Lie group
properties, an be extended without loss of generality to that at bulk. By the same argument used
in the ADS/CFT orrespondene, the quantum unitarity of the Yang-Mills elds is maintained in
the six-dimensional at bulk.
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